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Detection and classification of related proteins significantly aids in prioritizing structural determination tar-
gets. In this issue of Structure, Rubinstein and colleagues describe an improved method for categorizing
members of variable protein families and demonstrate its utility for the immunoglobulin superfamily.Given the time and expense required to
characterize an unknown protein, compu-
tational sequence-based methods of
preclassification have long been used to
identify both research targets of interest
and putative interaction partners (Shapiro
and Lima, 1998). However, not all proteins
are equally mutable and, in the case of
particularly variable families of proteins,
conventionally optimized algorithms for
determining similarity can lead to anFigure 1. Brotherhood Classification of Related Proteins
BLAST queries (nonredundant human sequences, e-value cutoff < 0.001) of
the full-length sequences of human CD28 and CTLA-4 yield three significant
matches, corresponding to human genes each; as two of each query’s three
matches are shared, exceeding the empirically determined 45% overlap
threshold, the query sequences are scored as related.excess of false negatives.
In this issue of Structure,
Rubinstein et al. (2013) pre-
sent the Brotherhood algo-
rithm as a tool for the classifi-
cation of unknown members
of the immunoglobulin super-
family (IgSF). The constituent
proteins of the IgSF typically
have roles as cell-surface re-
ceptors mediating immunity,
adhesion, and signaling, with
a sizable minority serving
as secreted proteins rather
than, or in addition to, a mem-
brane-bound role. The immu-
noglobulin fold is also highly
tolerant of mutations due to
its disulfide-linked b sand-
wich fold and concomitantly
low degree of side chain
involvement in the protein
core; conserved residues are
split in multiple segments
across the protein sequence
and tend to be discontinuous,
even within relatively con-
served segments. The Broth-
erhood algorithm analysis of
a curated subset of IgSF
proteins compares favorably
with the results of CD-HIT (Li
and Godzik, 2006), SCI-PHY
(Brown et al., 2007), and all-
versus-all BLAST (Atkinsonet al., 2009), yielding both fewer orphan
proteins and fewer splits of known
families.
The Brotherhood algorithm itself con-
sists, in simplest terms, of ameta-analysis
of BLAST results (see Figure 1). Protein
sequences A and B are first used to query
a database of nonredundant protein se-
quences by BLAST, yielding lists of similar
sequences S(A) and S(B); sequences A
andB are considered related if the overlapStructure 21, May 7, 2013set S(A&B) is more than 45% of the size of
the smaller of S(A) and S(B). While the
overlap cutoff and BLAST significance
cutoff were subject to selection to
optimize performance on the IgSF test
set, similar optimization of competitor
methods’ parameters failed to yield com-
parable performance, and, given the
number of IgSF targets remaining to be
solved, even a fold-specific method
would be of considerable practical use.ª2013 ElseIn an exciting application of
their method, Rubinstein et al.
(2013) identified the cytotoxic
and regulatory T cell-associ-
ated molecule (CRTAM) as a
member of the nectin-like
family (NLF) within the IgSF,
despite a low maximal shared
sequence identity of 30% to
other members of the family.
The NLF may be further
divided into the nectin and
nectin-like subgroups, with
CRTAM falling in the latter
category; upon the authors’
structural characterization of
the CRTAM ectodomain, it
demonstrated a markedly
higher structural similarity to
the other nectin-like NLF
members (1.9 A˚ root-mean-
square deviation [RMSD])
than to the nectin subgroup
members (4.2 A˚ RMSD). A
point of potential interest
is the gene structure of
CRTAM’s greater similarity
in exon pattern to other nec-
tin-like subgroup members,
offering an additional means
of validating Brotherhood
results for future genes of
interest.
The Brotherhood algorithm
is already being used, asvier Ltd All rights reserved 689
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Previewsproposed by the authors, to prioritize
targets of interest for structural geno-
mics; both orphan sequences within
larger families and previously un-
characterized subfamilies should offer
more illuminating results than se-
quences with multiple well-characterized
homologs demonstrating structural
agreement. An additional use of Brother-
hood data is to suggest tractably
small pools of candidate ligands for
proteins of interest, operating under
the assumption that evolutionarily similar690 Structure 21, May 7, 2013 ª2013 Elsevieproteins will tend toward similar ligand
interactions.
Beyond the admittedly fruitful analy-
sis of human IgSF members for effi-
ciently prioritizing their characterization,
the Brotherhood method may prove
useful for searching out analogously
interesting sequences outside the
human proteome; the current flood of
sequenced organismal genomes has
offered both a plethora of distal orthologs
and occasional homologs without direct
counterparts.r Ltd All rights reservedREFERENCES
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Sphingosine-1-phosphate is a potent sphingolipid mediator, and the kinase that produces it, sphingosine
kinase 1 (SphK1), has been implicated in cancer progression, inflammation, and cardiovascular diseases.
In this issue of Structure, Wang and colleagues provide the scientific community with the long awaited
structure of SphK1.Lipid-mediated signaling is rapidly
emerging as a new frontier among cellular
biologists, where an ever-increasing body
of evidence implicates numerous types
of lipids in the regulation of an incredibly
diverse array of functions in metabolism
and disease. At one of the epicenters
of these new and exciting fields is
the pleiotropic modulator sphingosine-1-
phosphate (S1P), a simple lipid with a
remarkable ability to modulate many
complex cellular programs including cell
proliferation, inflammation, mitogenesis,
migration, angiogenesis, protection from
apoptosis, and cytokine and chemokine
production to name just a few (Maceyka
et al., 2012). As a testament to S1P’s
powerful biological effector properties,
changes in its levels accompany and
can exacerbate cancer progression,
inflammation, and cardiovascular dis-
eases (Maceyka et al., 2012). Although
synthesis, catabolism, and import-export
systems tightly regulate intra- and extra-
cellular S1P levels, at the heart of its
cellular de novo biogenesis are twoisoenzymes: sphingosine kinase type 1
and 2 (SphK1 and SphK2, respectively)
(Orr Gandy and Obeid, 2013). Abnormal
cellular SphK1 regulation has been impli-
cated in pathological processes and
linked to diseases such as cancer and
inflammation. Hence, SphK1 has long
been the focus of many studies in vivo
and in vitro, and its elusive atomic struc-
ture highly sought by many.
In this issue of Structure, Wang et al.
(2013) present the atomic structure of
SphK1 in complexes that expand our
mechanistic understanding of this classic
pharmacological target including lipid,
nucleotide, and inhibitor + nucleotide
bound states. These structures provide
a vital baseline from which to generate
predictions and targeted modifications
that further probe the many nuances of
functional elements in SphK1 activity
and regulation.
As expected from sequence-based
prediction studies, core structural ele-
ments of SphK1 quaternary structure
adopt a two-domain hinged fold com-mon among members of the phos-
phofructokinase (PFK)-like superfamily
(Labesse et al., 2002). However, struc-
turally distinct C-terminal components
distinguish SphK1 from diacylglycero-
kinases (DGKs), NAD kinases, and other
PFK-like structural neighbors (Miller
et al., 2008). How these structurally
divergent features contribute to sub-
strate specificity or function among this
large group of proteins with highly diver-
sified enzymatic functions remains to be
determined.
At the interface region of SphK1 do-
mains is a solvent-accessible cleft where
nucleotide settles to await transfer of its
g-phosphate to the sphingosine substrate
(Wang et al., 2013). Topologically, this is
a remarkably similar nucleotide binding
mode in DGK. Within this extended cavity
is a strictly conserved S/G79-GDG82motif,
and SphK1 activity is intimately linked
to these residues (Pitson et al., 2002).
For example, S79D and G80D mutants
are catalytically inactive, and G82D
mutants show an 44-fold weakening of
